Abstract: Most research on alliances ignores the structures of the underlying relationships as codified by contract. By overlooking these structures the complexity of the fundamental relationship is ignored. This is problematic since it is how these relationships are codified and how control rights are allocated that dictate how firms will benefit (or not) from an alliance. We present a novel method to analyze the determinants of alliance complexity in a multidimensional framework. We then look at the effect these same determinants have on the allocation of control rights between firms. From a transaction cost perspective we can begin to look at the cost/benefit of entering more (or less) complex agreements in terms of the allocation of rights (i.e., value appropriation). This approach provides a new framework in which to begin to think about the net effect alliance portfolios have on a firm. JEL Codes: G32, L22
Introduction
There exists an extensive literature, spanning multiple disciplines, focusing on strategic alliances.
Researchers have explored, for example, why firms engage in alliances; how partners are chosen; what types of alliances are entered; the impact on innovation and new product development; and whether alliances create value for shareholders. Often overlooked, however, in these literatures are the structures of the underlying relationships as codified by contract. By overlooking these structures the complexity of the fundamental relationship is ignored. This is problematic since it is how these relationships are codified and how control rights are allocated that dictate how firms will benefit (or not) from an alliance (Adegbesan and Ricart, 2005; Adegbesan and Higgins, 2007) .
There is a rich literature dealing with contract structure (e.g., Williamson, 1985 Williamson, , 1991 Granovetter, 1985; Joskow, 1987; Joskow, 1988; Bradach and Eccles, 1989; Pisano, 1989; Gulati, 1995; Uzzi, 1997; Oxley, 1997; Dyer and Singh, 1998; Bernheim and Whinston, 1998; Adler, 2001; Poppo and Zenger, 2002; Sampson, 2004; Ryall and Sampson, 2006; Barthelemy and Quelin, 2006) . Transaction
Cost Economics (TCE) scholars, for example, argue that contracts will be more "complex" in order to mitigate potential exchange hazards (Williamson, 1985 (Williamson, , 1991 . When these potential exchange hazards are low complex contracts are not needed and simpler, more routine ones are sufficient (Joskow, 1987) .
A complementary but distinct set of research concentrates on the underlying allocation of specific control rights identified in a contract (e.g., Lerner et al, 2003; Lerner and Merges, 1998; Elfenbein and Lerner, 2003; Lerner and Malmendier, 2004; Higgins, 2007a; Adegbesan and Higgins, 2007) . Although these studies make important contributions to the literature, they tend to only analyze how rights within an existing structure are allocated and overlook the importance of the structure itself whereas the complexity literature tends to focus on contract structure while ignoring the underlying allocation of rights.
We are not aware of any research that explores the relationship between these two distinct literatures; we make a first attempt at bridging them together. Understanding this linkage is important for several reasons. First, many technology sourcing contracts, especially within the biopharmaceutical industry, are becoming more standardized and include very similar contractual terms (Higgins, 2007a ), yet the underlying relationship can be very diverse and how a firm benefits from the alliance can come in numerous ways. Second, contracting involves costs and tradeoffs. Understanding these potential costs and tradeoffs are important to managers when faced with making decisions that involve the complexity of an alliance relationship. By considering complexity and control rights together the true cost of contracting can be analyzed. For example, from a transaction cost perspective, writing a complex contract is costly. However, if that same firm is able to appropriate significant value in terms of the underlying allocation of control rights then the "cost" of contracting, potentially, becomes a net positive for the firm. It may pay for firms to write more or less complex contracts.
We make several contributions to the literature. First, we model alliance complexity in a multidimensional framework and investigate the link between alliance complexity and contract structure. This framework allows us to focus on both the functional scope and the technological scope of an agreement.
Functional scope provides us with a measure of the depth of an alliance while technological scope provides us with a measure of the breadth of an alliance. Second, within this framework, we analyze the determinants that increase the probability that an alliance agreement will be more functionally and/or technologically complex. We find that one of the most significant factors that increase the complexity of an agreement are the age and prevalence of the technology and the stage of development of the focal product at the time of signing. New and less prevalent technologies can be viewed as more risky while products in later stages of development can be viewed as less risky. Both have implications for the complexity of the alliance contract.
Third, complexity is not determined in a vacuum; there are costs and trade-offs associated with firm choices. Our findings suggest that there is a tradeoff to firms for engaging in more complex relationships in terms of value appropriation (proxied by the allocation of control rights) with respect to specific payment terms. These findings contribute to the control rights literature that largely ignores the underlying structure of the actual agreement.
Finally, we find that a firm's prior relationships with a partner have a negative effect on complexity. This suggests that prior and repeated relationships not only reduce contractual safeguards, as found in previous research (Ciccotello and Hornyak, 2000 , Parke, 1993 , and Gulati, 1995 , but the need to engage in a functionally and technologically detailed relationship is reduced as well. 1 Prior research that finds evidence of reduced contractual safeguards between firms engaging in repeated contacts attributes their findings to increased levels of trust (Granovetter, 1985; Bernheim and Whinston, 1998; Bradach and Eccles, 1989; Dyer and Singh, 1998; Gulati, 1995; Uzzi, 1997; Adler, 2001; Poppo and Zenger, 2002; Gulati and Nickerson, 2007) . Our research shows that trust established through prior research can also shape the underlying complexity of future alliances. Interestingly, however, we find that neither prior relationships nor repeated contacts have any effect on how rights are divided between firms. So while relational norms appear to influence the complexity of an alliance structure, the actual allocation of rights and as a result value appropriation, is unaffected. Trust only goes so far.
The remainder of the paper is organized as follows. Section 2 discusses our framework for contractual complexity and control rights; Section 3 discusses our data and sample construction; Section 4 presents and discusses our empirical finding; and, Section 5 summarizes the analysis and discusses extensions of this research.
Prior Research, Theory and Hypothesis Development

Determinants of complex relationships
There is a large and growing literature in organizational economics and strategic management on contract structure and contractual complexity in formal organizational forms such as strategic alliances (e.g., Reuer and Arino, 2007; Robinson and Stuart, 2007; Barthelemy and Quelin, 2006; Ryall and Sampson, 2006; Oxley and Sampson, 2004; Luo, 2002; and, Poppo and Zenger, 2002; Joskow, 1988) .
Formal contractual agreements form the basis for quasi-organizational structures such as strategic alliances by establishing rights and responsibilities of the partner firms. These formal contractual agreements are negotiated both to provide incentives in a cooperative environment and to protect against potential opportunistic behavior. The complexity of the relationship's undertaking influences the terms of these formal agreements. For example, the uncertainty and difficulty of the technological undertaking in an alliance will influence the contract structure and potentially the bargaining position of the firms. From a transaction cost theory perspective this uncertainty, in the presence of relationship specific investment, would be considered as an exchange hazard necessitating the need for more complex agreements (Williamson, 1985 (Williamson, , 1991 . When the likelihood of exchange hazards is low the associated costs of complex contracts are not necessary and relatively simple ones are sufficient (Joskow, 1987) .
However, broad measures such as contract length or the number of provisions included in a contract (Joskow, 1988; Robinson and Stuart, 2007) do not consistently define contractual complexity across heterogeneous contractual relationships. Moreover, focusing only on certain provisions may be too limited and ignore other relevant aspects of contractual design (Reuer and Arino, 2007) . As such, we first seek to understand the determinants of complexity and then we investigate their effect on how the underlying contractual rights are allocated between firms. By considering both the potential cost of contracting due to complexity and the impacts on control rights (value-appropriation) we gain a holistic view of the cost/benefit of engaging in alliances to a firm. Instead of viewing alliances in a "black box"
we are able to begin to understand more fully their potential impact on a firm.
We define alliance complexity along a multidimensional framework: functional scope and technological scope (discussed more fully below). Functional scope provides us with a measure of the depth of an alliance contract while technological scope provides us with a measure of the breadth of an alliance contract. More specifically, functional scope identifies the extent of value chain activities, such as manufacturing and marketing, are specified in technology sourcing agreements. This measure of the depth is similar to the alliance scope definition in Oxley and Sampson (2004) . Technology scope or the number of technologies that are specified in an alliance defines the breadth dimension of our notion of alliance complexity. 2 3 Technological complexity, especially in research-intensive alliances, is particularly relevant since it relates to firm capabilities and the overall uncertainty of the focal projects.
Thus, our definition of alliance complexity is a measure of the activities and technologies chosen to be included in an alliance. These chosen activities and technologies are then specified in a contract but they also influence the contract structure by defining the bargaining terms for specific rights, obligations and financial payments. The greater the scope of an alliance is in either dimension, the more interdependent and extensive the alliance and the underlying relationship is expected to be. As a result, an increase in either the depth or breadth of an alliance will increase the expected collaborative intricacy of the relationship and thus potentially alliance and contractual complexity.
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In the extant literature the concepts of complexity and uncertainty are often used interchangeably.
This creates problems in the empirical examination of the effects of uncertainty on the governance modes of transactional relationships (Slater and Spencer, 2000) . 5 In our analysis, we specifically examine how technology characteristics, which define the level of technological uncertainty in an R&D agreement, affect the breadth of alliance scope and thus contractual complexity. In collaborative R&D alliances, contract specification is difficult since technological know-how is highly tacit (Mowery and Rosenberg, 2 Theoretical conceptualization of technology scope (Khanna, 1998 and Khanna et al., 1998) and empirical analysis by Oxley and Sampson (2004) acknowledge that alliance scope is a multidimensional measure but to our knowledge this is the first empirical paper to construct such a multidimensional measure. 3 In Oxley and Sampson (2004) and Lin et al. (2008) functional scope is also a "vertical" measure and "horizontal" activities, which they do not include in their analysis, are related to uncertainty and complexity of the alliance project. We define technology scope, which is related to the technological complexity of a project, as a breadth or a horizontal measure. 4 Under this treatment it is possible that a complex alliance given its high technological or functional scope, may have a contract with no or few contractual safeguards, due to established trust from prior interactions with partners. Thus, we include trust and other aspects of relational governance in our analysis and control for its impact. 5 The treatment of uncertainty in empirical research is not consistent for other reasons as well. Most importantly, there are many different types of uncertainty. Primary uncertainty is about the lack of knowledge about the state of nature and it includes some constructs of environmental uncertainty such as regulatory changes and technological uncertainty. Secondary uncertainty is about the lack of understanding of other economic agents and generally arises from lack of communication or the inability to assess other party's plans and actions. Behavioral uncertainty, as defined by (Williamson (1975 (Williamson ( , 1981 , arises from strategic actions of contracting parties such as deliberate nondisclosure or purposeful misrepresentation. Another explanation for the ambiguity in empirical examination of uncertainty is that the TCE prediction of more hierarchical governance under uncertainty only holds when relationship specific investment or asset specificity is present in a contractual relationship (Klein, 1980 While the age and prevalence of the underlying technology matters, the stage of development for the focal project at the time of signing is also important in determining the complexity of the relationship.
Prior research has shown that when a contract is signed has implications for the relative bargaining position of the firm and for the types of activities that are included in the contract (Higgins, 2007a) . For example, earlier stage projects that are less developed are more likely to be tied to a larger number of technologies. Over time as projects mature technologies become better specified. Likewise, for later stage projects we would expect firms to focus on downstream activities (Adegbesan and Higgins, 2007) .
Within the context of the pharmaceutical industry, for example, Chan et al (2007) find that due to downstream co-specialized assets firms lock themselves into specific therapeutic categories. This leads them to engage in alliances and/or acquisitions to fill their pipelines. Given that these firms have the downstream assets already in place we would expect these firms to place a higher level of importance on the functional scope of a contract, especially when dealing with more mature research projects.
As argued above, although provisions relating to downstream activities are often found in many contracts, including earlier stage projects, their presence can be questionable since contracts are often renegotiated at a later stages (Lerner et al, 2003) or the firm is subsequently purchased by their research partner (Higgins and Rodriguez, 2006) . The presence of these provisions in earlier stage agreements is potentially less important and these more complex agreements are also likely to be more costly. Thus, we consider the influence stage of development in our analysis and we hypothesize:
Hypothesis 2(a): Firms that engage in earlier stage alliances will increase the technological breadth of their collaboration. Hypothesis 2(b): Firms that engage in later stage alliances will increase the functional depth of their collaboration.
Finally, there is a complementary literature that deals with relational norms, such as trust, that views these activities as substitutes for complex contractual agreements (Granovetter, 1985; Bernheim and Whinston, 1998; Bradach and Eccles, 1989; Dyer and Singh, 1998; Gulati, 1995; Uzzi, 1997; Adler, 2001 ) and also as potential compliments to complex contractual agreements (Poppo and Zenger, 2002 
Hypothesis 3(b): There is a negative relationship between a firm's stock of alliances and the complexity of their agreements.
Allocation of control rights and value appropriation
There is a companion stream of research that focuses not on how complex a contract may be but rather how the underlying control rights are allocated between firms. This literature has its roots in Coase (1937) and more recently the work of Grossman and Hart (1986) and Hart and Moore (1988) . Aghion and Tirole (1994) utilized this framework and theorized that the optimal ownership of a project should be assigned to the party with the greatest marginal ability to impact the final outcome, in their case the smaller, research-intensive firm. More recently these theoretical prescriptions have been empirically tested (e.g, Lerner and Merges, 1998; Lerner et al., 2003; Elfenbein and Lerner, 2003; Häussler, 2006; Higgins, 2007a; and, Adegbesan and Higgins, 2007) .
The relationship between complexity, however defined, and the allocation of control rights has not been addressed in the literature. Contracting is not a costless activity and the interplay will also tell us the cost or tradeoff firms incur for entering these more complex relationships. Prior research focusing on contract lengths (Robinson and Stuart, 2007) , the degree of customization (Poppo and Zenger, 2002) or the inclusion of specific provisions (Barthelemy and Quelin, 2006) say more about the monetary cost of contracting (e.g., legal costs) and less about how all the rights attached to these contract provisions are allocated. The mere presence of provisions is not the full story. For example, a contract between parties A and B might be extensive however, the underlying allocation of rights and as a result value appropriation might be split exactly evenly. In this case, the cost of entering this complex relationship is simply the legal fees for drafting the complex agreement. In contrast, if the same contract was drafted but more rights were allocated to party A, then the true cost of contracting is the sum of the legal fees plus the additional value that has been appropriated by party A. In the eyes of the extant literature, since both contracts are of the same length and contain the same provisions, they would be viewed equally.
However, if the value of the appropriated rights exceeds the cost of the complex contract then there is a net benefit to firm A. At a minimum, any potential deterrence due to transaction costs of entering a more complex agreement are diminished.
Newer and less prevalent technologies can be viewed as more risky. This uncertainty can affect the complexity of the contract, as was hypothesized above, but it can also effect the allocation of rights.
A simple risk-reward view suggests that financing firms will require a higher return for investing in more risky or uncertain ventures (Higgins, 2007b) . This return can come in several ways. For example, the financing firm can provide a discounted or smaller initial investment or they can extract value through appropriating additional rights. As technologies become more prevalent financing firms won't be able to "charge" this additional risk premium. As such, we hypothesize: Finally, the use of control rights can be used to help mitigate moral hazard issues inherent in contracts (Lerner and Malemendier, 2003; Jensen and Thursby, 2001) . This is consistent with the transaction cost view on the inclusion of safeguard provisions in contracts. Regardless of how complexity is defined and analyzed moral hazard concerns remain present. For example, research intensive firms often have a clear informational advantage over the financing firms with respect to the quality of the projects they bring to the alliance market. As a result, the financing firm may offer less to guard against a "lemons problem" (Akerlof, 1970) . In the alternative, financing firms may use certain contractual provisions (Lerner and Malmendier, 2003) to protect their core technologies (Khanna, 1998; Oxley and Sampson, 2004) or to provide an incentive to scientists (Jensen and Thursby, 2001 ). In addition to alleviating potential moral hazard problems inherent in these highly uncertain environments, the financing firm may use these provisions as bargaining devices for more control rights (Higgins, 2007a Table 1 and Table 2 , respectively.
Dependent Variables
Contractual complexity. Fig. 1 presents our notion of contractual complexity in a 2 x 2 matrix.
We further divide functional and technological scope into low and high types. Technological scope is deemed low if the alliance agreement focuses on only one technology. In contrast, technological scope is deemed high if the alliance agreement focuses on more than one technology. Obviously, the larger number of technologies covered, the greater the internal capabilities of the two firms need to beespecially for the biotechnology firm. We define Technological scope as a dummy variable that equals one if the alliance contract covers more than one technology. Thirty-three percent of the sample contracts fit in the high category.
Functional scope is deemed to be low if the alliance agreement focuses solely on research and development. In contrast, functional scope is deemed to be high if the alliance agreement specifies provisions dealing with marketing and manufacturing. We therefore define Functional scope as a dummy variable that equals one if an alliance contract specifies marketing or manufacturing provisions. Thirty percent of the sample contracts fit in the high category.
Referring to Fig We combine these two dimensions to construct a continuum for measuring overall contract complexity. We categorize contracts in the following order from simple to complex: (L, L), (H, L), (L, H), and (H, H). That is we define the simplest contract (L, L) as one that does not include marketing, or manufacturing provisions (Functional scope equals "L") and covers only one technology (Technological scope equals "L"). In contrast, we define the most complex contract (H, H) as one that includes marketing or manufacturing (Functional scope equals "H") and covers more than one technology (Technological scope equal "H").
By reformatting the quadrants represented in Fig. 1 Complex has a mean (median) value of 1.96 (2.00) and a standard deviation of 0.95.
Alliances and determination of control rights. Alliance contracts are obtained from Recombinant Capital's RDNA database. We randomly selected 240 alliances involving just two parties (a pharmaceutical and biotechnology firm), whose main focus is on research and development and has a detailed contract analysis available. We restrict our sample to alliances involving just two firms in order to be able to clearly identify the allocation of control rights. Consistent with Lerner et al (2003) and Higgins (2007a) and in order to avoid unnecessary heterogeneity, transactions are excluded where: (1) one of the parties is a government agency or university; (2) the current alliance is a renegotiation or restatement of a previous alliance between the two firms; (3) there exists no research component or aspect to the alliance; or, (4) one firm has a controlling interest in the other firm (greater than 50%).
Each contract is reviewed for relevant deal information including: the date of the alliance, the technology and subject covered, total value of the agreement (Size), the presence of a royalty (Royalty), the presence of milestones (Milestone), and stage of the lead product. Contracts are also reviewed in order to determine the allocation of control rights. After consulting with private lawyers, corporate counsel and other professionals in the biotechnology and pharmaceutical industries, the following bundle of eight control rights are selected to be included. 7 We define Total rights as the number of rights that are allocated to the pharmaceutical (financing) firm. Just because a technology is old does not necessarily imply that it is prevalent or has diffused into the industry. We attempt to capture how prevalent a focal technology is by counting the number of other alliances that used the focal technology until the date of the sample alliance. As such, we define 7 The rights analyzed in this paper are slightly different than the rights considered in Lerner et al (2003) , Higgins (2007) and Adegbesan and Higgins (2007a) . The differences in rights selection across these projects mainly revolves around the issues being studied. Our specific selection of rights generally follows Higgins (2007) and as a robustness check we use the more broad selection of rights considered by Lerner et al (2003) . Our results remain qualitatively consistent with these alternative measures. 8 We limit the lower end of age at 1980. This constraint is imposed due to data limitations. 9 As a robustness check we define a variable Max Years Since, to be the difference between the year of the contract and the year of the first alliance in the population of alliances for the focal technology. Results were qualitatively consistent. The mean (median) age of our focal technologies are 10.20 (9) years with a standard deviation of 4.96. bargain from a position of relative strength (Higgins, 2007a) . Second, we control for the availability of public financing (Lerner et al., 2003) by including the amount of money raised by biotechnology firms in the year prior to an alliance, BioIPO. Third, we control for the general availability of corporate funding in the year prior to an alliance, Payout (Higgins, 2007a). We define Payout as the ratio of external pharmaceutical R&D alliance financing divided by internal R&D expenditures. This provides us with a measure of how much the industry is committing to external research. Finally, we create a dummy, First alliance, that equals one if it is the first alliance for the biotechnology company.
We define three variables to control for potential size and capability effects: Intensity is the ratio of pharmaceutical R&D expenditures to sales; PMarket is the market capitalization of the pharmaceutical firm; and, BEmp, is the total number of employees at the biotechnology firm. We use total employees instead of market capitalization because we are able to obtain employee data for private firms from
Bioscan. All financial data are in constant 1999 dollars.
Empirical findings
Determinants of technological and functional scope
Technology prevalence and age
We first investigate the effects technology age and prevalence have on technological and functional scope of contracts in Table 3 . Models 1-4 presents probit estimates regressing Technology scope on a series of independent variables expected to affect the probability that a pharmaceutical firm enters a technologically complex agreement while Models 5-8 present probit estimate regressing technologies that are less prevalent in the population of alliances are more likely to be coupled with another technology. Combined, these two findings suggest that an alliance contract will have a greater breadth as a way to mitigate possible risk when technological uncertainty is expected to be higher.
Across Model 5-Model 8
Technology age is negative with coefficients ranging from -0.80 to -1.13 with corresponding marginal effects ranging from -0.21 to -0.26, all and significant at the 1 percent level. As these technologies are newer, it makes less sense for companies to negotiate marketing and/or manufacturing provisions. The results on Technology count bolster this finding with coefficients ranging from -0.13 to -0.21 and corresponding marginal effects ranging from -0.03 to -0.07, significant at the 1 percent level. The negative coefficient implies that technologies that are less prevalently utilized in the population of alliances are more likely to be functionally narrow. These results strongly support
Hypotheses 1(c) and 1(d).
Taken together this suggests that biotechnology firms have had some success in delaying the negotiation of these contractual terms. Recent work by Wakeman (2008) hints at why biotechnology firms may want to delay these negotiations. His work focuses on the desire of biotechnology firms to maintain co-promotion rights. As a result, biotechnology firms, desiring these rights, may attempt to postpone the negotiation of these provisions until such time they are in a better bargaining position.
Phase or stage of development
Agreements signed where the focal product is in late-stage clinical testing (defined as either Phase II or Phase III) are less likely to be associated with technologically broad contracts. In Model 1-Model 4 coefficients on Phase range from -1.12 to -1.64 with marginal effects ranging from -0.30 to -0.37, significant at the 1 percent level. This result is consistent with Hypothesis 2(a). By the time a drug candidate moves into late-stage clinical testing it is more focused and refined -risk has also dramatically declined.
By far the most important factor influencing the functional scope of a contract is the stage of the focal product. In Model 5-Model 8 coefficients on Phase range from 1.07 to 1.23 with corresponding marginal effects ranging from 0.36 to 0.44, significant at the 1 percent level. This finding supports
Hypothesis 2(b) and is not unexpected since focal products in later stages of clinical testing have a higher probability that they will reach FDA approval. As a result, marketing and manufacturing become more relevant, especially if the pharmaceutical (financing) firm already has downstream co-specialized assets in place (Chan et al., 2007) .
Contractual complexity
We combine our two measures of contractual complexity and define Complex as a categorical variable ranging from one to four. Each of these values corresponds to one of the four quadrants from Fig. 1 representing an ever increasing complex contract. We present ordered probit results in Table 4 analyzing the effects of our three main areas of interest: relational norms, technology age and prevalence and phase or stage of development. Year fixed effects and cluster standard errors were used in all specifications. Results remain robust to ordered logit specifications.
Relational norms
Across all models tested in Table 4 we find a negative and significant (at the 1 percent level)
relationship between Prior and contractual complexity. Contracts between firms that have prior relationships tend to be less complex. This supports Hypothesis 3(a) and is consistent with previous findings that argue this trade-off is based on some level of trust between the firms (Granovetter, 1985; Bernheim and Whinston, 1998; Bradach and Eccles, 1989; Dyer and Singh, 1998; Gulati, 1995; Uzzi, 1997; Adler, 2001; Poppo and Zenger, 2002) . We also find a negative and significant (at the 5 percent level) relationship between Stock and contractual complexity, providing support for Hypothesis 3(b). We believe this finding relates to a firm's reputation and possible may hint at an underlying preference for less complex agreements.
Given our research setting coupled with the long research cycles experienced in the industry, high risk and potential significant pay-offs, we interpret these findings along the lines of Poppo and Zenger (2002) . In contrast to some of the relational norms literature that views these as substitutes they view trust and complexity as a complement. Trust is not acting to replace the codification of terms but rather may be creating a setting where a series of contracts can be entered over a long development cycle.
Technology age, prevalence and stage of development
Overall, the younger and less prevalent a technology is the more complex the underlying agreement will be. This is reflected in the positive and significant coefficient on Technology age and the negative and significant coefficient on Technology count. Even controlling for prior relationships between the parties, Prior, and the stock of pharmaceutical alliances, Stock, these direct effects remain relevant. In addition, Phase is negative and significant suggesting that focal products in later stages of clinical testing tend to have less complex agreements. These findings are consistent with the results we discussed above.
Allocation of control rights
Consistent with previous work (Lerner and Merges, 1998; Lerner et al, 2003; Lerner and Malmendier, 2004; Adegbesan and Higgins, 2007; Higgins, 2007a) , we use the total number of control rights allocated to the pharmaceutical firm, Total rights, as the dependent variable in Table 5 . Given the nature of the dependent variable we test for overdispersion in the data to determine whether a Poisson or negative binomial model is warranted. We test for overdispersion utilizing a likelihood ratio test based on the Poisson and negative binomial distributions (Cameron and Trivedi, 1998) . This is to test the equality of the mean and the variance imposed by the Poisson distribution against the alternative that the variance exceeds the mean. We reject the null hypothesis and as a result we present results utilizing a negative binomial model. 10 Year fixed effects and cluster standard errors are used in all specifications.
Technology age and prevalence
After controlling for our various measures of relative bargaining position and size of the partner firms, the coefficients on Technology age are positive and significant, providing support for Hypothesis 4(a). Recall that Technology age is defined as a dummy that equals one if the difference between the year of the alliance contract and year of first alliance in the population, for that focal technology, is less than or equal to 5 years. As a result, the positive coefficient on Technology age, in this regression should be interpreted that younger technologies will lead to more rights being allocated to the pharmaceutical (financing) firm. Coupled with our prior findings on complexity, younger technologies appear to lead to more complex agreements that lead to more rights being appropriated or allocated to the pharmaceutical (financing) firm. This result is consistent with a simple risk-reward point of view. Newer technologies are, in general, more risky or uncertain and as a result larger rewards (or more rights) need to be offered to entice a firm to make the investment.
Unfortunately, across all specifications, we find no relationship between Technology count and the allocation of rights. While the coefficients are all positive, none are significant at standard levels. As a result, we do not find support for Hypothesis 4(b).
Phase or stage of development
Across all specifications tested the phase or stage of development, Phase, is negatively related to the allocation of rights that a pharmaceutical firm receives. This finding supports Hypothesis 5 and is consistent with Higgins (2007a). Biotechnology firms that are able to delay an alliance until their focal product is ready for later stage clinical testing place themselves in a superior bargaining position than if they engage in an alliance earlier. Risk is reduced from the underlying equation and often more than one pharmaceutical firm end up competing for an alliance. Combined with the results above, focal products in later-stages of development tend to have less complex agreements with fewer rights flowing to the pharmaceutical firm. From a transaction cost perspective, contracting costs are lower and value appropriation is higher for the biotechnology firm.
Relational norms
Interestingly, across all specifications tested neither of our variables that we use to proxy for relational norms, Prior and Stock, are significant at conventional levels. We know from theory (Aghion and Tirole, 1994) that rights are predicted to flow to the research-intensive (biotechnology) firm.
However, the extant empirical literature finds an allocation of rights that tend to predominately flow to the financing (pharmaceutical) firm, in contrast to theory. 11 The relational norms literature demonstrates that contracts can become less complex as a result of prior contacts however the underlying allocation of rights does not appear to change. 12 It appears that trust only goes so far. One explanation for not seeing a change in control rights relates to possible opportunistic behavior. Lin et al. (2008) argue that prior partners are more likely to understand each other's know-how, operational routines and managerial practices. As a result, they can more easily overcome more informal methods of intellectual property protection (Arrow, 1974; Heinman and Nickerson, 2002, 2004) and engage in opportunistic behavior.
Contractual safeguards
Constructing a complete contract is not feasible. It is not possible to ponder and codify every contingency that parties may face. Notwithstanding these difficulties it is possible to build safeguards into contracts in order to help mitigate potential moral hazard issues (Lerner and Malemendier, 2003) , guard against the classic "lemons" problem (Akerlof, 1970) and provide an incentive to scientists (Jensen and Thursby, 2001) . One contractual mechanism utilized is milestone payments. These payments can be clearly codified around a verifiable goal thereby preventing firms from committing the full amount of resources up-front. Another mechanism utilized is back-end royalty payments.
We test the relationship of both these mechanisms, Milestone and Royalty, on contractual complexity in Table 4 . Coefficients on Milestone are positive and significant across all specifications tested. However, the coefficients on Royalty are not significant at any standard level. As a result
Hypothesis 6(a) is only supported in part. The presence of milestones in more complex agreements makes sense, especially given the discussion in the previous paragraph. The lack of a finding on royalties, in our view, may just simply suggest that the issues of incentivizing scientists (Jensen and 11 A recent paper by Goldfarb et al. (2008) focusing on angel investors demonstrates an allocation of rights between the financing firm (angel investor) and research-intensive firm (very early stage start-ups) that is consistent with theory. 12 The average number of rights allocated to the pharmaceutical firm, across our sample, exceeds 50% (Table 1) . This is consistent with the extant literature that shows a greater proportion of rights being allocated to the financing firm.
Thursby, 2001) are more universal in nature and not limited to those situations where contracts are more complex.
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Next, we test whether the presence of either of these contractual safeguards have any impact on the underlying allocation of rights between the parties. Results are reported in Table 5 . Although the coefficient on Milestone is positive, it is not significant at any standard level. The coefficients on Royalty are positive, ranging from 0.17 to 0.22, and significant at the 1 percent level across all specifications tested. Combined these results, once again, provide partial support for Hypothesis 6(b). The results on
Royalty seem to suggest that pharmaceutical firms are able to "pay" for additional control rights through the inclusion of royalty payments in the contracts. This seemingly is a win-win for pharmaceutical firms since they not only obtain additional rights but also royalties that serve to incentivize the scientists and defer monetary commitments in this highly uncertain environment. It is puzzling why biotechnology firms would accept downstream royalty payments versus negotiating for larger up-front or milestone payments. The risk of failure in this field is high and the probability a product will make it to market is low. Moreover, Higgins and Rodriguez (2006) show that pharmaceutical firms, when they acquire smaller biotechnology firms, tend to acquire ones for which they had a prior research relationship. In these cases, the pharmaceutical firms avoid having to pay the downstream royalties. Biotechnology firms, on the other hand, effectively gave up value for a downstream payment with little chance of coming to fruition. 
Conclusion
In this paper we have attempted to further understand the nature of alliances and how their contract structures and allocation of rights can impact a firm. The literature tends to view alliances as a black-box. Unfortunately, just having a portfolio of alliances tells us little about how a firm may benefit from these activities. Clearly, this is an issue critical to managers -especially those that are charged with building these portfolios. In order to understand these issues we create a multi-dimensional framework in which to analyze several determinants that drive complexity. This, however, is just one part of the equation. We then take the next step to see if these determinants have any impact on how value is split between firms. By conducting this additional analysis we are able to look at a more holistic cost/benefit of engaging in these agreements. If, for example, a determinant tends to make a contract more complex, there is a cost to the firm. However, if as a result of spending the resources and time to enter a more complex agreement additional value is appropriated in terms of the underlying rights (such that the benefit exceeds the cost) then this was an appropriate decision by the firm. On the other hand, if a determinant not only makes an agreement more complex but also gives up value then this is sub-optimal decision.
In Fig.2 we demonstrate the inter-play between alliance complexity and control rights and attempt to determine the net effect on the firm. Technology age, i.e. the newness of technology increased the complexity of an agreement thereby increasing transaction costs. It was also positively related to the allocation of rights that a pharmaceutical firm received. If this value that was appropriated through control rights exceeds the cost of entering the more complex agreement, then this should be viewed as a net benefit to the firm. Phase decreased the complexity of an agreement (i.e., lower costs) but it was also negatively related to the number of rights a pharmaceutical firm received. Hence, if the value lost in rights exceeded the savings from lower contracting costs, this would be a net loss to the firm. This type of ad hoc analysis isn't possible for Technology count (prevalence), Prior, Milestones, and Royalties since one of the two components (complexity or control rights) were not able to be determined.
Notwithstanding this limitation, the same thought process is appropriate in trying to look at the net effects of entering a more/less complex contract and looking at how rights (value) are allocated (appropriated).
Overall, our results extend the contractual complexity literature while making a first attempt to bridge it together with the control rights literature. First, we extend the literature on contractual complexity by modeling complexity in a multi-dimensional framework. This framework allows us to focus on both the functional scope and technological scope of an agreement. Second, we take our framework and analyze the determinants that increase the probability an alliance agreement will be more complex. Third, we tie these same determinants of contractual complexity to the control rights literature by analyzing the relationship between contract structure and rights allocation. Finally, we contribute to the literature on relational norms. Prior relationships and issues of trust are important in contracting. Our findings suggest that, consistent with prior literature, prior relationships tend to make contracts less complex. However, there is no effect on the allocation of rights. Trust, appears, only to go so far.
No research is without limitations. We know from previous work that strategic alliances create shareholder value (Higgins, 2007a; Chan et al, 1997; McConnell and Nantell, 1995) . A logical next step for this research will be to address the question of the impact firm performance and shareholder value.
These effects could then be tied nicely back into the net effects we attempted to describe in Fig. 2 . We, however, leave this task for future work. figure. From the perspective of the financing (pharmaceutical) firm we attempt to determine the net effect when considering the cost of entering a complex agreement coupled with the cost/benefit in terms of value appropriation (due to the allocation of control rights). For example, in the case of Technology age, contracts were most complex (A), i.e., more costly but the firm appropriated more rights (B). If the value that was appropriated (B) exceeds the costs due to complexity (A), then this is a net gain for the firm. If the effect was not able to be determined it is identified with a "?".
